a Objectives: Little is known about how antiretroviral therapy (ART) affects patients' economic activities in resource-constrained settings. This study examined the association of ART with functional impairment, symptom prevalence, and employment during the first 6 months on therapy.
Introduction
In late 2003, the South African National Department of Health announced its Operational Plan for Comprehensive HIVand AIDS Care, Management and Treatment for South Africa [1] . The plan included provisions for both antiretroviral therapy (ART) for medically eligible patients and pre-ART care for those not yet eligible. By September 2006, an estimated 235 000 adult South Africans were receiving ART from public healthcare facilities, along with another 80 000 patients on ART at private and non-governmental clinics [2] .
The effectiveness of ART in suppressing viral replication and restoring immune function in north American and European patients with HIV/AIDS is well documented [3, 4] . An increasing body of evidence from local populations confirms that ART is achieving similarly good biomedical results in South Africa [5] . At one Cape Town clinic, for example, well over 90% of patients initiating ARTover a 3-year period had undetectable viral loads at the end of the period [6] .
What is less certain is the impact of ARTon patients' social and economic wellbeing. Before starting treatment, South African adults with advanced HIV/AIDS disease report serious constraints in their ability to carry out their normal activities [7] . Once they have started ART, can patients return to work, care for their families, perform their normal daily activities, and maintain an acceptable level of wellbeing? With hundreds of thousands of workingaged adults dependent on a lifelong therapy, the answers to these questions will be an important determinant of the long-term success of treatment programmes in South Africa.
The few studies that have examined economic outcomes of ART in African populations report generally encouraging results. In a rural population in Kenya, the probability of an HIV-positive adult participating in any economic activities increased by 20% in the first 6 months on ART, and the number of hours worked rose by 35% [8] . Several studies have also reported reductions in worker absenteeism after ART initiation in various industries and countries [9] [10] [11] [12] . Improvements have also been reported in relevant domains of quality of life studies. Patients receiving ART in rural Uganda reported large improvements in physical and mental health summary scores on the Medical Outcomes Study HIV Health Survey (MOS-HIV) within 3 months of starting treatment, with a more gradual improvement over the subsequent 9 months [13] . Similarly, the proportion of a cohort of patients receiving ART in Cape Town, South Africa that reported no problems in the mobility, self-care, usual activities, pain/discomfort, and anxiety/depression domains of the EQ-5D instrument increased steadily over the first 12 months of ART, with most improvement occurring almost immediately after treatment initiation [14] . Finally, differences in physical and emotional health based on EQ-5D scores between patients who had not yet started ART and those on ART for less than 6 months were also reported by public sector patients during clinic visits in the Free State Province of South Africa [15, 16] .
In this paper, we add to the limited literature cited above with a report of the baseline findings of a prospective cohort study on self-reported differences in functional impairment, symptom prevalence, and employment status between South African adults who have started ART and those not yet on ART at public and non-governmental organization sector clinics.
Methods
The study was conducted at three sites in South Africa. The first site, the Themba Lethu Clinic of Helen Joseph Hospital in Gauteng Province, is a large, urban, public referral hospital that had nearly 5000 adult patients on ART as of September 2006. The other two sites are nongovernmental clinics. The Witkoppen Health and Welfare Centre is a full service, primary care clinic serving informal peri-urban settlements in Gauteng Province. The ACTS Clinic is a dedicated HIV/AIDS clinic in a rural setting in Mpumalanga Province. As of September 2006, these two sites had approximately 450 and 700 patients on ART, respectively. The public hospital is funded primarily by the provincial government, with some supplemental donor support; the two non-governmental organization clinics are funded primarily by donors, with additional support from patient fees and government.
All three sites follow South African national guidelines for providing HIV/AIDS care and treatment. Under these guidelines, ART is initiated once a patient's CD4 cell count falls to less than 200 cells/ml, or WHO stage IV disease is diagnosed [17] . Approximately two-thirds of patients are initiated on the national first-line regimen of stavudine, lamivudine, and efavirenz; for most of the rest, efavirenz is replaced with either nevirapine or lopinavir/ritonavir.
Patients not yet eligible for treatment are monitored and receive counselling and vitamin supplements. Whereas most patients at all three sites are South African, migrants from neighbouring countries are also eligible for care. Medications and laboratory tests are free of charge to patients at all sites; the only direct cost of treatment to patients is the clinic visit fee, which is often waived for those who cannot afford it [18] .
At each site, study subjects were identified each day from patients present at the clinic, either waiting in a queue or attending an adherence or wellness class or support group. We selected subjects from these groups (queue, class, or support group) using nth-name sampling and invited them to participate in the study. Adult patients who were HIV-positive but not yet medically eligible for ART and adult patients who had initiated ART less than 6 months before recruitment were eligible for enrollment. Those who provided written consent were enrolled in the cohort and administered a baseline questionnaire by a study interviewer. Questionnaires were administered during routine clinic visits, usually while the subject was waiting in line to see a doctor or pick up medications.
Patients who appeared acutely ill during their visit or were otherwise unable to complete the interview were not approached and were replaced by the next patient on the list. Consent documents and questions were translated verbally into local languages by the interviewers as requested by individual subjects.
The questionnaire was designed for this study and focuses on subjects' economic activities. It contains questions taken from the South African census [19] , the MOS-HIV [20] , and the World Health Organization Health and Performance Questionnaire [21] , as well as questions suggested by our and others' previous research on HIV/ AIDS and labour productivity. We report here the baseline findings about subjects' level of physical impairment, health condition, employment, and ability to perform their normal daily activities. The costs to subjects of obtaining treatment have been reported in a previous paper [18] .
Medical records of subjects who had already started ART at the time of the baseline interview were also reviewed. Data collected included dates of clinic visits, CD4 cell count(s), viral load, date of ART initiation, ART regimen, and other medications prescribed. Subjects who had been on ART for less than one month at the time of the baseline interview were excluded from the analysis presented here, as they were neither 'pre-ART' nor solidly 'on ART' when baseline data were collected. The medical records of pre-ART subjects were not consistently maintained by the study sites and so were not available for this analysis.
For the statistical analysis of differences between subject groups (e.g. pre-ART and ART), bivariate differences in categorical variables were first assessed using MantelHaenszel x 2 tests; differences in continuous variables were assessed using t-tests. Then multivariate logistic regression models were estimated, using the various measures of impairment (e.g. bodily pain) as binary outcomes, in separate models with antiretroviral status as the primary predictor (1-6 months on ART as reference) and adjusting for those characteristics with significant associations with antiretroviral status in bivariate analysis (site, sex, housing type, employment status, and probability of having disclosed HIV status to others), as well as age, marital status, and education, which were retained because of demographic importance. Results are expressed as odds ratios (OR) with 95% confidence intervals (CI). Finally, for the subanalyses of only those patients on ART, time on ART (1-3 months versus 3 months, with 3 months as reference) and starting CD4 cell count (<100 cells/ml and 100 cells/ml, with 100 cells/ml as reference) were used as primary predictors of impairment, again in separate models. All data were analysed using SAS software version 9.1 (SAS Institute, Cary, North Carolina, USA). The study was approved by the Institutional Review Board of the Boston University Medical Campus and the Human Research Ethics Committee (Medical) of the University of the Witwatersrand.
Results
Study recruitment is illustrated in Fig. 1 . A total of 1072 subjects were enrolled in the cohort and interviewed. Of the 107 who declined to enroll, 37% cited lack of time to participate in the interview; others wanted to think more about it, said they were not interested in research, or gave no reason. Most of the 128 ineligible patients were found to have been on ART for more than 6 months at the time of recruitment. Of the enrolled subjects, 192 had been on ART for less than one month and were excluded from this analysis, leaving a total of 880 subjects.
The characteristics of the sample and bivariate associations with ART status at the time of the baseline interview are shown in Table 1 . In the sample as a whole, most subjects were women between the ages of 25 and 44 years. The high proportion of female subjects largely reflects the patient populations of the study sites and of South Africa more generally, where a large majority of ART recipients are women [22] . A majority of the subjects reported being married to one spouse or having one long-term partner. Almost all were literate, but only a third had completed secondary school. Just under half the sample reported income-generating employment, either in the formal or informal sector. Most of the others were either unemployed and seeking work or engaged in unpaid housework or childcare.
There were no differences between ART and pre-ART subjects in age, marital status, or education level. Slightly fewer subjects on ART were women. Subjects on ART were more likely to live in modern houses, reflecting the weighting of the sample towards the urban hospital site. ART subjects were also somewhat more likely to report their main activity as seeking work and less likely to work in the informal sector or be engaged primarily in unpaid housework or family care.
The primary activities of study subjects are shown in Table 1 . Table 2 presents multivariate results for selfreported functional impairment in the previous 5-day work week according to ART status, with functional impairment defined as the inability to perform the primary activities indicated in Table 1 and subjects on ART for 1-6 months as the reference group. This definition of functional impairment is intended to capture all of the different primary activities that study subjects report, including the large number of subjects who are not formally employed, which includes those who are unemployed and seeking work, informally employed, engaged in unpaid housework or family care, or engaged in other activities, such as study or leisure.
Pre-ART subjects were nearly twice as likely as ART subjects to have suffered any impairment in the previous week (OR 1.97; 95% CI 1.46-2.66). As a result, when the entire sample is considered, the average number of days of impairment in the previous week is also nearly twice as high (1.61 versus 0.87 days, P < 0.0001). When the analysis is limited only to those reporting any impairment in the previous week, however, the average number of days impaired is large for both groups -more than half the previous 5-day work week -but does not S134 differ significantly between the groups. Women in both groups were more likely than men to report any impairment (data not shown), with no difference by treatment status. Table 2 also shows that pre-ART subjects were more likely to report most symptoms of ill health in the previous week or previous day than ART subjects, with OR ranging from 1.4 to 2.8. There was no difference in the prevalence of skin problems, which were reported by nearly half of both groups. The prevalence of pain and fatigue was also high in both groups. Half of the pre-ART subjects and a third of the ART subjects reported that they did not feel well on the day before the interview.
In the unadjusted analysis (not shown), pre-ART subjects were significantly more likely to be employed at the time of the baseline interview than were ART subjects (40 versus 28%). This difference disappeared in the adjusted analysis, as shown in Table 2 . A total of 138 subjects reported having lost their jobs (voluntarily or involuntarily) in the 12 months preceding the baseline interview; ART subjects were significantly more likely than pre-ART subjects to attribute their job loss to their health.
For those currently employed, ART subjects reported better work performance, less difficulty doing their jobs, and lower absenteeism from work than did those who had not yet started treatment. The amount of health-related absenteeism reported by ART subjects -more than two and a half days in the preceding month -was, however, also high.
For subjects already on ART, we also considered the association between treatment duration and starting CD4 cell count and our main outcome indicators. In Table 3 , subjects who had been on ART for 1-3 months at their baseline interview are compared with those who had been on ART for 3-6 months. There were no significant differences reported in functional impairment or symptoms. These results are consistent with those of other studies that have observed the greatest improvement in quality of life immediately after ART initiation, with slower improvement in later months [13, 14] .
There was, however, some difference in the employment outcomes based on the duration of treatment. Subjects on ART for more than 3 months reported much less absenteeism from work and better job performance than did those starting treatment more recently. The difference in absenteeism is large in magnitude, nearly 3 days per month. This may be a consequence of the reduction in fatigue noted above or reflect a time lag in coming up to speed at work after a prolonged period of illness.
Improved functioning on antiretroviral therapy in South Africa Rosen et al. S135 Finally, we looked at whether a subject's CD4 cell count nearest to treatment initiation was associated with different outcomes in the first 6 months on ART. The picture presented by the results, as shown in Table 4 , is ambiguous. There were no significant differences in most indicators, although several were close to significant. Those whose starting CD4 cell count exceeded 100 cells/ ml reported fewer skin problems and better job Table 3 . Impairment, symptoms, and job performance by time on antiretroviral therapy. performance than those who started treatment with CD4 cell counts below 100 cells/ml, although the difference in job performance was marginally significant. The reverse held for most other symptoms, however; the lower starting CD4 cell count group was less likely to report pain, nausea, or depression, although the results for nausea and depression are marginally significant. Two possible explanations for the apparently better condition of those who started with lower CD4 cell counts both involve perception. First, these subjects were relatively sicker before receiving treatment and thus may judge themselves to have improved more and feel better on treatment than did those who had fewer symptoms at treatment initiation. Second, it is also possible that those who wait to start treatment until their CD4 cell counts are very low either experience fewer symptoms of HIV disease or are troubled less by the symptoms.
Discussion
In a population in which only a quarter of adults are formally employed, the ability to perform normal daily activities, whatever those may be, is a better indicator of the economic outcomes of treatment than is participation in the formal sector workforce. Among the HIV-positive South African adults described here, individuals not yet on ART report greater difficulty carrying out normal daily activities than do those who have started ART. Study subjects who had received ART for a median of 3 months reported 46% less functional impairment than did pre-ART subjects, better performance at work, and a substantially lower prevalence of pain, nausea, fatigue, feeling unwell, and feeling sad or depressed. After 3 months on ART, those who were employed worked an average of 2.9 days more per month than did those just starting treatment, and 1.8 days more than those not yet on treatment. In a typical month consisting of 22 working days, these differences of 17 and 10% in working time could have an important effect on labour productivity.
Despite this generally positive association between ART and patient economic activity, the prevalence of any functional impairment in the previous week (32%) and the average number of days impaired (0.9) among ART patients was high, as was the prevalence of pain (48%), fatigue (40%), skin problems (46%), feeling unwell (33%), feeling depressed (26%), and resting during the day (43%).
There is certainly some level of these conditions in any population, including among people who are generally healthy, but we do not have relevant data from an HIVnegative cohort with which to compare these findings.
The finding of nearly a full day of functional impairment in the previous week among patients on treatment for 3-6 months and more than one day of health-related work absenteeism in the previous month, should they persist as the time on treatment increases, are a cause for concern. Basic conditions of employment in South Africa allow for 30 days of paid sick leave per 3-year cycle [23] ; the average of 1.3 days/month that we observed would exceed the maximum allowed, even if the worker should suffer no other illnesses or accidents requiring sick leave. Interestingly, some of the reported absenteeism may be an artifact of the treatment programmes themselves, as each visit to the clinic can be assumed to require a full day off work, as a result of travel and waiting time.
The study described here has several limitations. First, and most important, the results presented in this paper are cross-sectional, reflecting only the baseline dataset. As with any cross-sectional analysis, causation is not definite.
Although there appear to be few relevant differences between pre-ART and ART subjects in the sample, it is possible that the two groups differ in ways that affect the results. A particular concern is the possibility that reasons for clinic visits, and thus patient condition on the day of the visit, may differ between pre-ART and ART patients, with pre-ART patients more likely to come to the clinic as a result of overt ill health and ART patients more likely to visit for routine care. We cannot estimate the magnitude of this bias but, given the wide range of reasons for visiting the study clinics -ranging from participation in group counselling and educational sessions to acute care -and the effort of study interviewers not to approach patients who appeared acutely ill at the time of the interview -we believe that it is modest. Other limitations will be addressed as the study, which is longitudinal in design, progresses; subjects are now being interviewed at least two times per year, during their routine clinic visits. A number of subjects who were pre-ART at baseline had initiated ART by their second interview, allowing for a future pre and post-analysis.
Second, as with any study that relies on self-reported interview data, recall error is likely. We deliberately chose very short recall periods (e.g. yesterday or last week) to minimize this risk, but for some results, such as work performance relative to when the subject was healthy, inaccurate or biased recall is a possibility. Third, there may also be a participation bias in the sample. Approximately 8% of the patients invited to participate in the study declined, and many of them cited lack of time as their reason. The proportion of men among those who declined was also slightly higher than in the study cohort. It is possible that those who refused had a higher rate of employment or other time-dependent obligations than did those who consented, although the overall low refusal rate will limit the impact of any bias this creates.
Finally, we are unclear as to the meaning of some of the unexpected results, such as the higher prevalence of some symptoms among those whose starting CD4 cell count was more than 100 cells/ml and the lower employment rate of those already on ART. We have offered possible explanations for these findings, but the data do not allow us to present definite explanations.
Despite these limitations, the data presented here indicate that patients who have initiated ART are more able to engage in economic activities than are those who have not yet started treatment. The large differences in functional impairment, symptom prevalence, and job performance between pre-ART subjects and those on ART are a cause for optimism about the economic outcomes of the national treatment programme. Further improvements are still needed, however, if ART patients are to be considered fully active contributors to the economy. The effort to improve these outcomes for patients will be strengthened by the longitudinal datasets that we and others are now collecting.
